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(54) DISK ARRAY SYSTEM 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a disk array 
system high in reliability and capable of being used for a 
long time exceeding the service life period of 
constituting respective disk drives independently of the 
service life of respective HDDs(hard disk drives) with 
the minimum increase of cost 
SOLUTION: This disk array system 1 1 incorporating the 
plural HDDs 1-10 is provided with a controller 12 for 
turning at least one or more disk drives to a stop state 
as standby _disk drives, monitoring time lapse from the 
start of the stop state and shifting the disk drives of the 
stop state to an idling operation state every time 
prescribed time elapses. The controller 12 executes 
control for exchanging a failed disk drive HDD 2 and the 
standby disk drive 6. By such a system, the standby disk 
drives 6-10 exchangeable with the disk drive 2 with no 
residual life are prepared, and the standby disk drives 6- 
10 are made into the idling operation state at prescribed 
intervals, so that it is prevented from that a function 
becomes incomplete at the time of use. 
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LTBBtft*. ■/tUr*«B«*HDDIC»RSt« 
l^*50«ftTt>flBCBHT*C£tfT8*. 
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[00 19] iliT. «R*0HDD1~SO+-C. 1 
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HDDB©T-*e2«lCStffl±©5BC& 
■sfrttfttl TTb^Taj fcK£LTfc«fcK 
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ft&. ifc, B6C*T*il:. *»LfcHDD2#« 
SUMWTfc. **0)HDD1^5©«#"eftffttS8 
t*±«B©»HDDtX«T*3!r»Tt)J:t». C0« 
S> HDD10*«»KlLtHDD2©ftSHDD6<!: 
fc* (2 (o + 0) BBS) . C1<DJ:5&I8#£ 
tt£<Bff£<» l«BB»BO»^*0*6BC*B 

[00 2 7] £bi:. H7lC3S1\fcp£, HDD1-5 
£HDD8-1 0<Dt4X2F7< 7I*ICJ:0RAI D 
*X?A*B*U 990260HDD6. 7£*7- 
T^X^Sl (Ml. M2) <hbT««j£T*;fra£g$ 

**. 7*««*«>»nx-** 
*7-x<rx*s® (mi. M2) cbmi. tnan 

©X-*«HDDl~5l::fiD#tt*C£#T#*. ft 
oT. HDD1-5©B8B<B*WV-Ay K««l«ft: 
t*C£a<T#*. Sfc. Bil0@«T-*£RAID 
HUftL tna^r-^^S^-r^X^Jfit (M 
1. M2) lC*ttLTt)«kK ^«jBTtt. ^7- 
T47s9%U (Ml. M2) ^LTSSLfcHDD6. 
7$»<aO<OHDDl-5iHDD8-l OWtL 

X 9 SB (Ml. M 2) fcLT0«A0B**»«;:fc 
*WBT*». 

[0 0 2 8] a±«)J:^^*^«S^ffi^il^«:-«ft^ 
fc«^C, KftOHDDftif'f9U99irMi«« 
<fc, e**Blc*Wftl««tt. K (o + fl) »B£& 
0. ^©5S»«flDlft©a«»IWBB { (M+ 1) 
* (o + 0) +a) BBfcftO. <9±«B« ( (K-M 
+ 1) * (o + 0) -0> mttl*. ftoT, HDD 

mmm i%) \t i (m+d (0+0) +0) / 

[K (o + 0) I * 1 0 0 (%) ttLZ. EPS. »SO 
HDD©¥^81©$ (D) It fD= (M+l) (a + 

0) +01 / IK (o + 0) 1 j ifc*. ¥SSHDD<0 
M#«*Ltt*i:. ftHDDOTO»*L tttl/ 
Dfit&O, TL t=L/D=L* (a + 0) / (M + 

1) (o + 0) +01 J **S»»<0«J:5i:i 
0&a>HDD^btt^'>XrAT*ntf. MH>5tt4 
^»<7)HDDSS^^1"ii:9/ < t'>XTAi:l/^«& 
IC. fo + 0j «2 4«B. 0^0. 5BBtLfc»ft 
6Hl:&tia. ftHDDO*«*Att9. 9 6*i& 



( 6) ' ' ttM¥9-2 5 135 3 



±0>HDD2 1 A. 2 1 BlZttflUfti/ZTk (0 
8) . £fcti2tm±<DRA I D3 1-3 Zti^tlZv 
XrA (39) &HDD££te£RA I D£ 

[0 0 2 9] R*W:tt. B8fcST->XrAi:*N> 
t. 3>ha-72 0tt. »M.tf2fc0HDD2 1A. 

2 1 B-en-en. sscbg ihf?±€:»oigr^ptc©i 

WT*. d0<t£> J>hD-720IJ. HDD 2 1 
A. 2 1B*W*tf2 4BB0*HBflM&*ffU *fc 
HDD2 1B©»2 4B»BO#Jt*«tt*. *K. H 
DD2 1 B SIMPS tiT. HDD2 1 A**5HDD2 1 

[0 0 3 0) C<omz* *xm>Ka-*A>e>a>h 

p-7 2oi:jtLt, r-^a* (T-^<oaajD <o 

H^*ofciSlcB. 3>hu-720liHDD2 1 

8£&*) ©fi*#*ofcfc#fctt. 3>hD-7 2 0 
IJHDD2 lBC?-»tAftT«. f-*0SS#» 
TlftBAT. 3>hD-72 0«HDD2 1 A£<9lt 
ttBC9fr£*T. HDD 2 1 B0*£SMPSit*. 
[0 0 3 1] ^LT, HDD 2 1 B 0Klf£#aST 2 4 & 
HJ*«fi»T*i, 3>hn-?20»HDD21A*g 
BLT, HDD2 1 B^bHDD2 1 AKt-^SIES 
Stf*. RTH«0M«IM$LT. HDD 2 1 A£ 
HDD2 1 B*«5ttMf *ufci:J;0. RA I D 
->XtA£*0*6BL il*0HDD0$&0fc<J:*2 

[0 0 3 2] HDD 2 1 AtHDD 2 1 BfflGx 
T-*G*attttt£*«MW ! A*». HDD 2 1 A£H 

dd2 i B<»»ftii>mwem?zt* »«t- 
-Tft^i^Tft*. «?t. fft&<o£i\zmmz. H 

DD2 IA4HDD2 lB*J»W:»ff*«©tt^y 
?7y7£®*fc«frT&*. ft*. HDD 2 1 A£HD 
D2 1 BfflT, f-^Sttfib+l^ *Xh3>fcra- 

[0 0 3 3] tmmmmtbT. 091c 

7fit£$\Z. 380RA I D3 1-3 StUtLhl/AT 
AT&O. ftRAID3 1-3 3jMWN:BMMP** 
$5-r<f X*ffie£«>HDD3 1 A. 3 IB. HDD 3 
2A, 32B, fc<fctfHDD33A. 33B£*Tf**> 
XxASrgfcLTV**. 

[0 0 3 4] £0J:5&xXtAK*5V»T. 3>ho- 
5 3 0«. 18ORAI03 l#«jttf2 4»B»fft 



Tti&tec. ffi<D2f*0RA I D3 2. 3 3A<4 88* 

StMMtfttt). cni:d:0. xXrAOSRAID 

4. SRA I D3 l~3 3€**rf*l. X2 

•MtflCBTStfSCi:* 1 ?**- &RAID 
3 1^3 3ttBfPfcff±#BfcWCS**fc». 
y KK2tBMl:r4X9±®CSS (Contact 
Start Stop) X'J7IC#»**;:£K&* 
(HDD<D<?lkE) . ftoT. ^yFttCSSXU7C 

[0 0 3 5] ft*. «SC»±t*fF€IMSrf-{X 
*:/XrAtt. WHMMmA^U RAIDvXx 
AT*iV>. RAIDS/XxATtt. ftflftKx-*** 

[0 0 3 6] 6UOJt3&**IW««!>rt«t-IM:r 
ht. l»0HDD*fcttRAID0»fPttB«: (0 + 
a) »B*U ttROffifcRBfi (0-a) »BfcT6 

IB2|iBB4 , i:ffl*©«B (HDDSfcttRAID) 12 
(ff + a) BBLMRfPLft^CiKft*. CCD*:*® 
*©SB0SftSLS5fliT*£. xXxAS*©** 
L ttt.. rL t=L*2 3/ (0 + a) j tUZ. 
?, 8 = 2 4»B. a=0. 5ttfl. L = 5$, (04 

yXrAil/W>*ftL ttt9. 8*t&«. 
[0 0 3 7] 380HDD£fcteRAI DC*9 
tt*SftTV>a->XxATKL RfPftffitt (8 + a) ft 
fl. ffltWBtt (2 5- a) «B8it64. 
#ft*L4t*->XrA±#0*B**L t tt. TL t 
= L*30/ (8 + a) J fcfcO. L = 5^, 5 = 24 
RB. a»0. 5W«, Lt = 14. 7*i&0- 

[00 38] 

eOStdtlCckO, *BB©M*TtI*fcB»* 
tt©afl«««€ft<tCtd^ffiT*6fc*, 8'MB 

<D3x h&aTfi»B©a««ffliciBua»<i«ttoR 

AID5^rAfcfi«Ta;:fcA<TS*. 
^^^42P«±<0f^X^H7^y (RAI Db£ 

v) &mmttt±mt&mmztiz£Q. » 



(7) 



^Bfl^P9 -2 51 3 5 3 



hi. 



7U-T • ->XrA«OgSSS-*t^Oy ?0. 
[021 S10$Jfi^S8©»ff«ffi^t5fc*W7 0- 

[a 3 ] is i oymmom* mt* o- 
a. 

105] SB 1 <O§SJ&ie!i0»ft «BWtafc*«>«4 



106] gl©$ii)BSgW9!lffSJ)lWl"5fc:>i>©at: 
0. 

[0 7] % \ nmmom zmtbitm&z. 
0. 

[08] %2<»mm£mtii'ZfL>mfS.i* 
[09] %2<»mm\zmti>i'ZTi.<»mz* 

1-10. 2 1A. 2 lB--r-fX*F7-f7 (HD 
0) 

1 1. 3 1. 3 2. 3 3-RA 1 D>Xr£ 
1 2. 2 0. 3 0 •3>hD-7 
1 3-*Xh3>lfa-5' 



[01] 



[02] 



•vl 3 



9VtO-9 'Vll 



Dl 



D2X 

T— 



D3 



04 



P0 



02S 



sT 



OTN 



01 ON 



oT 



SI J/v 



[03] 



sit 




« 



tear* 



SI I'V 



[08) 



^2 0 



2 lA"v H0O 



HDD 




^S3 



^2 18 



(8) ' »B?9-2 5 1 3 5 3 



[04] 



(061 



iwatuu 

1 1 J 4 S 6 
□ □ □ 0 □ ■ 

HI SON P 



r 8 9 



1 2 3 i S 5 7 8 9 10 
IQOOQQIIII 

KDM POI 



\7 ia*$y Qtral 

1 2 3 4 5 6 1 
CO W P tt 02 



9 10 
■ ■ 



faMft] 

l 2 3 4 5 8 ? J 9 10 
QOdODCIlBBl 

W 02 03 W P 0T 

[2a4 08*J39J 

1 2 3 4 5 B T I 9 10 

IQQDDDOIII 

02 03 64 P R OCT 

0« + 2**Rft) 

I 2 3 4 6 9 7 I 9 10 
IIODOOOOII 

n 04 p oi » or 



[6 (a+fl) ftRft) 

D □ D O ■ ■ 

0) 01 93 04 



r a 



9 10 

■ 0 

p 



«*> 

[IOa+9J«flM 
12 3 4 5 6 

01 02 03 04 P' 



8 9 10 
■ ID 

P 



tlO (•♦#) BBBfl * HSBffla) 
1 I J 4 5 6 I 8 9 10 
OODQQIIIII 

01 01 00 04 P 



tBJUKU 

1 f I 4 S I 

□ ■ODD! 

flOBMP 



UHlfTBI 

i t i 4 » i r i « tt 
. □ (ODODIl ■ 

oi - a oi t b 



(a+MOBU 

I I 4 1 6 I / I » « I t 4 4 6 8 7 I 1 » 

0 fODOODI ll^llQDQQOIII • 

B-BMPDDT - B M P B « 

. (lo+ffsasa} tt tfltfl) Hsu) 

1 t i 4 i i i • f ■ i t n n r i i n 
HOODOOQII^IiaQDlOOII- 

-aHPanor - s « p. na 



1 I I 4 I I I 9 • 49 
IIOODIDDDI 

- O 04 P 01 a 47 



[I (a ♦1)43091 
1 t S 4 B 0 T • I 18 
'■■■□□BODDB- 

- mp a a o 



I t I I I I f I » I I 2 H II I I Itt 
IIIDaiaDDD-lillOIODDO- 

- D4P D tt Of - P Gt tt tt 01 



[05] 



(14 (i*0> 4fU 
1 I I 4 8 I T I 9 i 
■ 41 99 ■ • 

- D BBN P 



tiMiniin i iniuiM 

OlOOOI9lll-OVOQQail9l-' 

ntsaotp n-BOtra 



I t 3 4 6 6 7 8 I II 
OlOODDOIIB 

pi - a » p <b v 



(a+BtSBti 

1 t 8 4 3 B 7 B t 49 
-□■■□□□□BIB- 

D - HPDB 



t t i 4 i • 7 b i m immati 

DI9QQ0O0I9-DI I IOO DDI1- 

n DIPBBfif B P tt tt D4 



3VMI-9 -\/3 0 



U«*!*H380 (9U4>8)BJ« 

INIIUIM liHIUIIN 
□ I99DOOD9 J 

O P tt O 04 P' 01 tt O D4 P ) 1 A*W HDD 



(4a+J0BB9j 

1 t 9 4 8 • 7 8 9 40 
OHIIQQOOO 

O D Q H P Of 



(4 «»U 
1 I 3 4 3 8 7 9 9 10 
•9I99IOQDD0- 

U B 09 P Dt 



RAIO 



818'* HDD 



T 

31 



RAIO 



ilh>y HDD 



3J&>. HDD 



32 



RAID 
HDD 



HOD 

T 

33 



"33A 
">93B 



•(44©- 



I 2 9 4 I I 2 9 9 tt 
DBODOOIIBI- 

II - tt B M P 



(9) 



»B*9-2 5 13 53 



(07) 



RBAK0) 

\ 2 3 4 S 6 T 8 9 10 I2J4$6788 I0 

DOODOOQIII - ODODDDOOII' 

DfKUHPIIB W 02 D M P II B 01* 

I J 3 4 6 9 T 8 9 10 123456709 ID 

■ □□□□OQOIB - IDODODOODI' 

K CO Of P II B W D20MPHBfilU f 

[2 RKtt) [Sat 2 99990 

I 2 3 4 5 8 T 8 9 10 I 2 3 4 S 6 7 8 9 10 

IIQOOOOODI - ■ ■ a □ 0 0 O 0 O 0 

DdDtpfifloios n m p a c n n v 



W8) 



[10 Ca^WWU 12 14 5 8 

T86 10 OOQODODIII 

- ■ • • CflTBfl) • • • 
04 P 81 B n 0 03 



